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Online forums: a tool to enhance experimental engineering laboratories 
Abstract 
Asynchronous discussion forums (ADFs) were implemented as an e-learning tool to enhance 
the teaching of principles in materials science for first year undergraduate students in the 
Department of Mechanical and Aerospace Engineering. Time in the laboratory is restricted 
and therefore only one experiment can be achieved in the class. ADFs were used as means 
of enhancing content, extending student participation and facilitating student discussion 
subsequent to the laboratory session. From online feedback surveys, conducted at different 
stages throughout the class, results showed 60% of the students had never used online 
forums before, 96% of the students engaged in the activity and 80% of the students agreed 
that online forums are an alternative platform to use to discuss and compare results when 
time in the laboratory is restricted. The implementations of ADF encouraged students to 
conduct deep learning in order to enhance the discussion thread they were involved into. 
 
Keywords: Asynchronous discussion forum, experimental laboratory, first year 
undergraduate, teaching, learning. 
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1. Introduction 
Learning activities are used to allow learners to achieve a learning objective. Students learn 
and gain knowledge all the way through their undergraduate education, starting with basic 
or introductory concepts and progressing to deeper knowledge in their discipline as they 
move towards the final year. This process of learning can be summarized in the Four stages 
of the Kolb’s Learning Cycle which involves key aspects such as concrete experience, 
reflective observation, abstract conceptualization and active experimentation (Konak et al 
2014). 
Marton and Säijo’s (1976), described two approaches for learning: surface learning and deep 
learning. As the name implies, when using the surface approach learners do not fully 
comprehend the information, they only focus on disjointed facts, perhaps in order to pass a 
specific assessment. With the deep approach, learners develop understanding and interpret 
the meaning of the concepts by digging below the surface, enabling them to subsequently 
solve complex problems.  
There are different types of activities that can be incorporated in the learning process and 
there are over 2000 e-learning tools which can be applied when teaching and learning online 
(Anon, 2015). Among these are: tools created to track learning outcomes (e.g. quizzes); tools 
used for delivering live meetings (e.g.  webinars); tools used for communication activities 
(e.g. discussion forums, newsletters). Observed media, technology and process are the bases 
of e-learning activities. They are spreading around the world, providing the opportunity to 
interact with online communities and leading to cooperative/collaborative learning when 
their use facilitates sharing common knowledge or problems. Overall e-learning activities are 
used to allow learners to achieve a learning objective and as mentioned by Bach et al in 
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2007, the “e” term has to do more than just use electronic media; it has to promote 
engagement and enhancement of learning. 
Graham, Allen and Ure in 2003, described blended learning using three forms: combining 
instructional modalities; combining instructional methods; combining online and face to face 
instruction. Osguthorpe and Grahan (2003), identified six reasons for applying blended 
learning in higher education: pedagogical richness; access to knowledge; social interactions; 
personal agency; cost effectiveness; ease of revision. Also blended learning allows students 
to manage their own time as they can go through work material any time in any place 
building their own pace. (McKenzie et al 2013)   
Forums are defined as being places of meeting for public discussion. In the context of a 
learning activity, a forum is a space where a group of people are able to analyse, discuss, 
and give an opinion in a specific subject. An online discussion forum is an e-learning tool 
which allows the participation of an online community, where the messages are posted and 
displayed in a board, giving the opportunity for the participants to access the forum and the 
posted messages, as often as they want. Participation starts either by contributing to an 
existing discussion thread on a specific topic or by opening a new discussion. There are 
basically two types of internet forum, ones that are open for any participant to contribute in 
an anonymous way and ones where the participants need to register in order to contribute. 
Forums are also classified as either synchronous, where participants (students) and a 
moderator (lecturer) participate at the same time in the online discussion, or asynchronous, 
where the participants and moderator participate in a flexible way in regard to timing, 
meaning they access the forum at a time  when it is convenient for each of them  (Bach et al 
2007). Independent of the type of forum, each has an administrator and a moderator 
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responsible for keeping a friendly environment between participants, eliminating posts if 
necessary. It must be highlighted that respect is one of the key requirements for a healthy 
learning network (Desanctis, 2003).  
Another important factor that needs to be considered for a successful learning outcome is 
“participation” (Boyle and Nicol, 2003 as cited by Kim, 2013). Group size should be 
considered in students’ participation in an online discussion forum as Kim (2013) concluded 
that participants in classes with small groups opened discussions posted by other 
participants more frequently and also contributed more to the discussions. 
It is important to keep in mind that online discussions might take longer to get started when 
compared to face to face discussions. To guarantee student’s confidence and motivation, 
more direction from tutors is needed at the beginning, as they are responsible for students’ 
participation and engagement (Bach et al, 2007, Selvi, 2010 and Sendra-Portero, 2013). Also 
it is important to highlight that learner-learner interaction is part of the engagement process 
(Andresen, 2009.)  
As introduced above, asynchronous forums are part of a blended learning approach. They 
are used with the purpose of reinforcing face-to-face activities by increasing students’ 
understanding and deepening their knowledge in specific topics. A further advantage of the 
asynchronous discussion forum is the fact that it provides a platform for sharing external 
resources.  
Another way to improve face to face activities and engagement with students is the 
implementation of flipped classes. In this case students can read reference material, online 
lessons, etc. before attending the class, giving them the background and enough knowledge 
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to interact in a face-to face activity. Researchers such as Gilboy et al 2015 obtained in 
general a 60% or higher likeability from students in different aspects related to the 
advantage of participating in flipped classes. However they found limitations as the survey 
was only focused on student satisfaction regarding the experience.   
Ecclestone K in 1995 defined a learning outcome as “being something that a student can do 
now that they could not do previously…a change in people as a result of a learning 
experience”. A way of measuring the learning outcomes is by assessing them, representing 
the benchmark of the quality and the efficiency of what has been taught. 
In order to measure the knowledge and the learning outcomes, assessment activities are 
conducted as part of the learning cycle. The term assessment has been defined by different 
researchers, and is used synonymously with evaluation, regardless the fact that at times it 
leads to ambiguity (Gikandi et al 2011).  
Challis 2005 and Oesterhof et al 2008 have established two forms of assessments, 
summative assessment, which measures the learning outcomes at the end of a course, and 
formative assessment, which measures the learning that occurs during a course in order to 
support optimal learning. 
Formative assessment gives the opportunity for formative and immediate feedback and 
engagement with the critical learning process. The learning outcomes in an asynchronous 
discussion forum can be measured by the lecturer by accessing the forum, knowing the 
number of posts made by each participant and assessing the level of knowledge used in the 
discussion. The level of participation can be measured by the quality and time spent in the 
online environment (Andresen, 2009). Students are able to assess their own understanding 
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before posting in any discussion and can assess their own contribution by revisiting the 
subsequent discussion. Participation is fundamental to improving the quality of a discussion, 
however there are still some doubts regarding of the optimal size group for good interaction 
(Kim, 2013).  
Feedback closes the loop of the learning cycle process. Feedback is used to give information 
about performance in a specific task and, with this information, future action can be taken. 
However, feedback needs to be task-specific (Einig, 2013) and it must be highlighted that 
one of the biggest influences on students’ learning is the receipt of feedback once an 
assessment has been completed. It is not only receiving the mark that is important, but it is 
receiving quality feedback in a timely manner (at the time the learning process is conducted) 
that is vital as it is more effective (Wolsey, 2008 as cited by Gikandi et al 2011 and Eining, 
2013). 
Finally, in order to further improve the teaching and learning process, lecturers should 
receive feedback as well as this will help to locate the strengths and the weaknesses of the 
course. The benefits of a survey are: they help to collect data, information or an opinion; 
they can be created quickly and administered easily. Some disadvantages of surveys are the 
limitations of the answers choice provided and poor survey construction (Kendra 2014). 
There are common survey question types such as: multiple choice questions; questions that 
require ranking of a potential answer choice against a scale; and questions where 
participants are asked if they agree or disagree with a given statement, etc. 
(Analyticstool.com, 2014) 
It has been noted in spite of the fact that online learning seems to bring many benefits to 
higher education; there are also barriers to its use that need to be considered. These may 
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be: self-discipline, initiative, time management, computational skills, ability and computer 
accessibility, to name but a few (Bach et al 2007) 
The implementation of a blended learning, experimental  laboratory session for first year 
undergraduate  students in the Department of Mechanical and Aerospace Engineering, was 
supported by the concepts detailed above and, specifically, asynchronous discussion forums 
were introduced and used as the main e-learning tool.  
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2. Context 
In order to demonstrate principles in materials science for first year undergraduate students 
in Mechanical and Aerospace Engineering, a compulsory laboratory was developed. The 
group of one hundred and eighty students was divided into groups of eight, allowing two 
groups of eight students to attend a one hour laboratory session each week.  
A cold rolling process was chosen for the experiment to demonstrate the strain hardening 
mechanism by studying the influence of cold work on the materials’ mechanical properties, 
namely ductility and hardness. 
The material selected for the experiment was a 60/40 brass (60% copper, 40% zinc) which 
was subjected to three reductions in thickness. The one hour session was completely 
consumed by a 20 minute face-to-face discussion at the start of the experiment, 30 minutes 
of the experiment itself and 10 minutes to guide the students on the post laboratory 
activities which would comprise their technical assessment. 
Before attending the laboratory session students were required to go through different 
online documents containing material related to the rolling milling subject and to take an 
online quiz. The aim of these activities was to facilitate the required knowledge to interact in 
the 20 minutes face-to-to face discussion before starting the experiment. In the experiment, 
students were able to take turns to take samples’ dimensions, feed the rolling mill, roll, 
record the results, etc. Finally, as the experiment was concluded, students individually 
analysed the results and submitted a technical report that included aims and procedure, 
results and discussion, conclusions and feedback. The feedback that was requested had to 
include ways to enhance the laboratory session and increase students’ knowledge, taking 
into account that any improvement in the experiment is constrained by both the one hour 
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session lab and a limited budget. The outcomes of the feedback were subsequently 
analysed. 
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3. Experimental laboratory enhancement, development of new scheme 
The initial feedback indicated that at least 90% of the students would like to have an 
understanding on how chemical composition and mechanical properties could affect the 
strain hardening process of materials. 
This suggested that the rolling milling laboratory session could be enhanced and the 
knowledge of the students increased by analysing more materials to be cold rolled. 
However, noting from previously that the laboratory session could not be extended (and 
was absolutely limited to a 1 hour session), it was proposed that each group of students 
analyse a different material, discuss their results and later, conduct a comparison with the 
results from other groups.   
The incorporation of two materials, with different amounts of alloying element, (Brass 60/40 
(60 %Cu and 40 %Zn) and 70/30 (70 %Cu and 30%Zn)) was therefore adopted. This would 
allow students to increase their knowledge in the area of strain hardening by considering 
the influence of alloying elements on the mechanical properties of the alloy as well as the 
influence of cold work on ductility and hardness properties.  
For students to be able to analyse and compare their results, two asynchronous online 
forums were therefore developed, namely: Group Forum and Experimental Lab Forum. 
In the group forum, each group of students was provided with space to discuss their own 
results. The discussion forum was started by posting the results obtained from the practical 
experimental laboratory session. Students then calculated necessary values from which to 
develop their own graphs. Each student was required to post at least one discussion and 
answer one of the discussions posted from another student. Finally, with the most relevant 
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inputs given by each member of the group, the grouped developed a draft of their results 
and posted them as a discussion in the experimental lab forum.  
 
In the experimental lab forum, each group posted their own final draft of their results and 
discussion. Students from different group were then able to compare and discuss the results 
from each of the two materials selected for analysis.  
In both forums, the lecturer monitored the participants and the posts by providing 
orientation and giving guidance towards the results and analysis of the data in order to 
achieve the aims of the activity. Some examples were checking: the results of calculations; 
that graphs were properly developed (i.e. that they had a title, that axes were labelled and 
that units were displayed); that each discussion included a reference; that the results 
matched theory, etc. 
Once the online forums activities were completed, a technical report was submitted and 
assessed individually. This technical report included descriptions, in the students own words, 
of the aims and procedure of the experiment and conclusions drawn by the student based 
on the discussions in the asynchronous online forums. 
Additional adjustments were subsequently made. In order to enhance the face-to-face 
discussion prior to the experiment, an online lesson was incorporated. Also the online quiz 
was moved to the end of the laboratory session activity to more fully assess the students’ 
learning outcomes.  
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4. Results and discussion 
The results are divided into four sections: 
4.1 Results from a survey conducted before students attended the laboratory session 
4.2 Results from students who attended the new scheme (blended activity /  
incorporation of online forums) 
4.3 Results from evaluation of old scheme (traditional) and new scheme (blended) 
4.4 Results from students who have become familiar with the use of online discussion 
forums 
4.1 Results from a survey conducted before students attended the laboratory 
session 
In order to have an insight into the expertise in ADF knowledge of 1st year students 
attending the laboratory session, two questions related to participation in online discussion 
forums and face-to face discussion forums were asked. Figure 1., shows both the questions 
and the results obtained from a total of 165 students: 
From Figure. 1 it is observed that almost 61% of students had never used online discussion 
forums before and that almost 79% of the students already liked to interact in classes, no 
matter what the group size was. However during the face-to face discussion forum which 
took place before the experimental session, it was qualitatively observed that spontaneous 
participation of students was about 30% (from a group of 8 students) and, through 
encouragement from the lecturer, the participation increased to 60%. For the remainder of 
the students who didn’t participate in the discussion (10%), examples of the reason for non-
participation were ascertained to be: lack of confidence as an English speaker; non-
completion of the online lesson activity before attending the laboratory session; didn’t want 
to be exposed by class discussion. 
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4.2. Results from students who attended the new scheme (blended activity / 
incorporation of online forums) 
The new scheme laboratory is a blended laboratory which includes the experimental session 
and the online forums for discussion and comparison of results.  
The feedback survey was conducted once the experimental activity was concluded and in 
this case 150 students took part on the activity. Figure 2 shows the questions and results 
obtained concerning different aspects of the new scheme: 
The results show that at least 70% of the students felt comfortable using the online forums. 
When analysing the forums it was observed that participation of students was of 90%. They 
were keen in posting and making comments on others’ posts. They interacted between each 
other and they helped and supported the forum with information they found through their 
search. Encouraging the students to justify their comments through references seemed to 
have a positive effect as students were keen to search for very good information, for 
example in some cases journal papers were used as references.  
It is also observed that 70% of the students benefited from posts made by other participants 
which helped them clarify their doubts, as reported by Andresen 2009. Overall 88% of the 
students were satisfied with what they have learned in the laboratory session under the new 
scheme (blended activity). This figure (88%) is very encouraging and has been reflected 
during discussions held in other laboratory sessions of the same cohort (i.e. car dissection), 
where students have been able to show confidence in their knowledge from the cold rolling 
topic taught under the new scheme. 
Regarding the results related to participation in an online discussion forum or face-to-face 
forum, it is observed that 11% of the students prefer to interact in an online discussion 
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forum. This closely matches the result related to participation and interaction in the face-to- 
face discussion forum prior to the experimental session where, as previously mentioned, 
10% of the students didn’t participate in the face-to-face forum for different reasons. 
Unfortunately, due to the anonymous nature of the feedback received, it cannot be known 
whether this is entirely the same group of students. 
Influence of cold work on ductility and hardness was analysed in the group forum, however 
since two groups were established, each of them with a different material (Group 1: 60/40 
brass and Group 2: 70/30 brass),  they had the opportunity to go through a deeper learning 
approach, as they were able to compare and discuss the influence of chemical composition,  
material’s crystal structure, etc. on cold work, and not just focus on two facts if there was 
only one material to be analysed (ductility and hardness), (Marton and Säijo’s, 1976). 
A thread of an online discussion sample related to crack propagation is shown in Figure 3. 
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4.3 Results from evaluation of old scheme (traditional) and new scheme 
(blended) 
Figure 4 shows some of the questions and the results obtained from a survey conducted 
with a group of ten students who attended the traditional method (old scheme) and have 
evaluated the new scheme (blended): 
Analysing Figure 4 it can be observed that 56% of the students engaged more with the new 
scheme laboratory rather than the traditional method, this is in agreement with Gilboy et al 
2015. It can be postulated that they have seen an opportunity to increase their knowledge 
by being able to analyse the behaviour of two different materials under same conditions. 
The fact that 100% of the students agree that the online forums are a useful and alternative 
tool to analyse other results in the laboratory when time is limited categorically endorses 
their use. However, is through the quality of the posts were authors recognize the deep 
learning approach taken by the students and how this represented and enhancement in 
students learning. 
 
4.4 Results from students who have become familiar with the use of online 
discussion forums 
Figure 5 shows some of the questions and the results obtained from a survey conducted 
with a group of 132 students who were familiar with the online discussion forums due to 
their experience in the rolling milling laboratory session and were now attending another 
laboratory with the same scheme:  
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When analysing Figure 5 it is observed that 73% of the students (from 132) felt more 
comfortable using the online forums having had a previous experience of them. This can be 
considered to be very encouraging result, especially when it is considered that 61% (from 
165) of the students had never used this e-learning tool before. Also it is observed that 66% 
of the students felt that the contributions made in the online forums were worth it and 81% 
of the students’ had benefited from the information posted in the forums, helping them 
clarify things they didn’t understand. 
Example feedback quotations from students 
“I found the online forums to be very useful as they allowed us to discuss results etc. 
without the complication of finding a time when everyone was free to meet up in person”.  
This is in agreement with previous research (Bach et al 2007) 
“Feel very comfortable using forums now. Straightforward to use” 
“Found the online forum to be most useful for sharing results and resolving any issues or 
misunderstandings”. 
“I think the lab A greatly expanded my knowledge of both metals and crystal structures and 
in fact encouraged me to look further into the topic which greatly improved the quality of 
my group's car dissection poster”.  
“Enjoyed Lab B much more having done Lab A and experienced the forums. Seemed 
confusing at the start but a good way of learning and interacting with colleagues 
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Personally I prefer face to face interactions but appreciate that this isn't possible due to time 
restrictions therefore in this case the forums are useful but they are a new concept to myself 
and others and take a bit of getting used to” 
“Personally I found the online forum difficult to use after lab A as I was unsure of what sort 
of things to post due to never using a discussion forum before. However my opinion of 
online forums has completely changed after Lab B, the forum was much easier to use as I 
had a better understanding of what to post” 
“I enjoyed both labs and the online forums are easy to use and usefully once you understand 
how they work and what sort of comments to make in them” 
“Online forums allowed the introduction and analysis of idea's not discussed during the lab 
thus broadening knowledge in the area” 
Observations 
The inclusion of new learning activities involving online tools (i.e. asynchronous discussion 
forums) gives students flexibility as to when they undertake some of the learning activities, 
promoting inclusive learning. They also provide the opportunity to enhance and strengthen 
skills such as cooperative and collaborative learning, critical thinking, analysis and 
communication, as they are involved in different group activities (face-to-face discussion 
and online forums) in a blended learning experience. 
Engaging students in the use of asynchronous forums at early stages of their undergraduate 
career could encourage the use of forums in future classes and will give them the confidence 
to pursue future studies through online courses. 
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From the lecturer’s point of view the flipped class (through the implementation of an online 
lesson in this new scheme) has proven to enhance student interactions. We have also 
observed how students’ engagement and confidence in posting increased during the 
process. The face-to-face discussion forum is more pro-active when compared to the 
traditional class (old scheme) and students seem to be more keen to ask questions to 
expand their knowledge. This result should be studied more deeply by incorporating tools to 
measure the outcomes of both schemes.  
5. Conclusions  
From the analysis of the quality of the posts uploaded by the students and when comparing 
with previous experience (traditional, old scheme) the introduction of online asynchronous 
forums in experimental engineering laboratory classes to facilitate discussion and 
comparison of results from different materials has not only helped students to enhance and 
expand their knowledge in principles of materials science, but it has also helped to introduce 
e-learning activities to first year undergraduate students in the Department of Mechanical 
and Aerospace Engineering.  
Providing the opportunity for involvement with online forums at an early stage of a 
student’s undergraduate studies (1st year), provides them with the confidence to use them 
successfully in the future, as it was observed higher confidence along the process 
From the feedback received, it is evident that more than 87% of the students were satisfied 
with what they had learned in the blended laboratory session and 80% of the students 
agreed that the online asynchronous forums are useful platform to use to compare results 
and to enhance and increase knowledge when face to face contact time for experimental 
laboratory activities is restricted.  
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Figure 1. Results of survey conducted before students attended the laboratory session. 
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Figure 2. Results on different aspects related to the use of online forums by students who 
attended the new scheme. 
 
 
Figure 3.  Results obtained from the survey conducted with students who attended the traditional 
experimental laboratory and evaluated the new scheme laboratory session 
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Figure 4. Results obtained from a survey conducted to a group of students that are now 
familiar to the online discussion forum tool. 
 
 
